e e BR-FLE_COPL. . ' D)

d REPORYT DOCUMENTATION PAGE U
VYo, RESTRICTIVE MARKINGS -

T - .’i
AD A20 1 968 - 3. DISTRIBUTION/ AVAILABILITY QF REPORT

Approved for public release;

25, DECLASSIFICATION 7 DOWNGRADING SCHEDULE distribution is unlimited
. ,
4. PERFORMING ORGANIZATION REPORT NUMBER(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)
NMRI 88-28 '
i ,
5a. NAME OF PE;(FORMWG ORGAN%AHDN 6b. OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION
v ical Researc (] licabl
Naval Medical (It app rea! ¢ Naval Medical Command
6¢. ADDRESS (City, State, and ZiP Code) - ) 7b. ADDRESS (City, State, and =P Code) .
Bethesda, Maryland 20814-5055 : Department of the Navy . .
- : : Washington, D.C. 20372-5120
82. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBQOL | 9. PROCUREMENT INSTRUMENT (DENTIFICATION NUMBER
ORGANIZATION Naval Medical (1f applicable) o
Research and Development Command - .
8¢ ADORESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS
Bethesda, Haryland 208 14-5055 . ) PROGRAM PROJECT TASK WORK UN
. _ _ ELEMENT NO. | NO. | ro. ACCESSION
61153N - | MRO4120 005~1004 DN2475.

11. TITLE (include Security Clasufication) CYTOCHEMICAL CHANGES IN HEPATOCYTES OF RATS WITH ENDOTOXEMIA OR
SEPSIS: LOCALIZATION OF FIBRONECTIN, CALCIUM, AND _ENZYMES.

- § 12. PERSONAL AUTHOR(S)
Y-H KANG, T MCKENNA, LP WATSON, R WILLIAMS, AND M HOLT.

13a. TYPE OF REPORT 13b. TiME COVERED F186 14. DATE OF REPORT (Year, Month, Day) |i5. PAGE COUNT

Article; Report No. 5 [ FROM________TO__ 1988 14 .

16. SUPPLEMENTARY NOTATION Reprinted from: JOURNAL OF HISTOCHEMISTRY AND CYTOCHEMISTRY Vol. 3

No. 6, pp/ 665-678, 1988. 1ISSN: 0022-1554. _ . :

\7. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identfy by block number)
FIELD - GR0UP SUB-GROUP

Hepatocytés; Immunoelectron microscopy; Ultracytochemlstry
LPS; Fibronectin; Calcium; Enzymes

{
19. ABSTRACT (Continue on reverse if necessary and identify by block numdber)

DTIC

ELECTEpP
NOV 4 O 18l i

20 DISTRIBUTION/7AVAILABILITY OF ABSTRACT 21. ABSTRACT SECURITY CLASSIFICATION
€ Cuncuassipicounusmites O same as RPT. [Jopric ysers | Unclassified
¢d3. HAME OF RESPONSIBLE INDIVIOUAL 220 TELEPHONE(Ianude Area Code) | 22¢. OFFICE STM3OL
Phyllis Blum, Information Services Division 02-295-21 ' ISD/ADMIN/INMRI
DD FORM 1473,84MaR 83 APR eqition may de used until exnausted. SECURITY CLASSIFICATION OF THIS PAC
All other editions are obisolete. UNCLACSIFIED

Best Available Copy




Q022 199488783 30
The Journal of Histochemistey and Cytochemistry
Copssight © 1985 by The FHistochemual Soaen . I

Original Article

Vol 36, N 6. pp. 665 678, 1988
Progted v 178 A

Calcium, and Enzymes

and MACK HOLT

" Bacterial lipopolysaccharide (LPS) is known to be implicated
tn the pathogenesis of endotoxemia and septic shock. The
liver is the first vital organ to exhibit pathological alterations
in shock. The present studies include immunoclectron micro-
scopir lacalization of tissue fibronectin and cytochemical lo-
calization of calcium and enzymes in hepatocytes of animals
with LP'S-induced endotoxemia or cecal ligation-induced sep-
tic shock. The results showed increased staining of fibronec-
tin i the basal {perisinusoidal) surfaces and in the cistetnae
of rough endoplasmic reticulum and the Golgi complex of
hepatocytes in rats with endotoxemia or septic shock. Intra-
cellular calcium content was sigaificantly increased in the
LPS-treared or septic rats. Calcium pyroantimonate precipi-

Introduction

Lipopolysaccharides (LPS). gram-negative bacterial endotoxins, are
known 1o be implicated in the pathogenesis of cndotoxemia and
sepric shock (Bradlev, 1979; Berry, 1977: Hinshaw, 1976: Nowotny,
1969). The liver, which contains an important component of the
reticuloendothelial system involved in host resistance w LPS-related
septic shock (Zahlten eral | 1981: Fine et al.. 1959; Zweifach, 1958),
has been reported to be the first vital organ displaying pathologi-
cal alterations (n shock. Intravenously injected LPS is cleared rap-
idly from the blcod by Kupffer cells in vivo (Maier et al.. 1981;
Reske ¢t al., (u81: Mathison and Ulevitch, 1979). Impainnent of
[ PS drtoxification by Kupffer cells (Cook et al., 1985; Gur et al.,
1984 Tanikawa and Iwasaki, 1984; Palmeria and Fine. 1969) often
augments the toricity of LPS and causes hepatic injuries. The ac-
tivities of some hepatic enzymes, including carbohydrate metabolic
enzymes {McCaltum, 1981), drug metabolizing enzymes (Yoshida
et al.. 1982; Egawa and Kasai, 1979). and mitochondrial enzymes
(McGivney and Bradley. 1979). are reported o be depressed by LPS.
LPS has also been shown to decrease intracellular caleium in cet-
wain cells (Kilpatrick-Smith and Erccinska, 1983) and to inhibit

' To whom cotrespondence should be addressed.
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tate was deposited predominantly on the cuter surfaces of
the RER of hepatocytes. In additinn, diminution or depletion
of glycogen, reduction of catalase-containing peroxisomes,
increase of G-6-Pase activity, and depletion of cytochrome
¢ oxidase in many mitochondria were also obsetved in hepa-
tocytes of experimental animais. The overall results suggest
that LPS stimulates: (a) hepatic synthesis and sccretion of
fibronectin; (b) uptake of calcium by hepatocytes; and (c)
G-6-Pase activity. LPS treaument also leads to reduced num-
bers of peroxisomes and depletion of cytochrome ¢ oxidase.
. (J Histochem Cytochem 36:655-678, 1988)
TKEY WORDS: Hepatocytes; Immunoclectron microscopy; Ultra-
cytochemistry: LPS: Fibronectin: Calcium; Enzymes, ¢ oo © o

synthesis of hepatic enzymes, such as phosphoenolypyruvare cat-
boxykinase (Berry and Rippe, 1973).

In recent years, there has been increased interest in the rela-
tionship between fibronectin and sepsis (Velky e al., 1984; Lanser
and Saba, 1983; Richards et al., 1983; McCafferty and Saba, 1982;
Saba and )affe, 1980; Sabu and Cho, 1979). Fibronectin comprises
a family of high molecular weight glycoproteins consisting of sotu-
ble and insoluble forms. Insoluble (tissue) fibronectin is localized
on cell surfaces and intercellular matrices; it participates in celt adhe-
sion and also, in part, modulates microvascular integrity. vasculat
permeability, and wound repair. Deficiency or destruction of tis-
suc fibronectin results in widening intetcellular junctions andg in-
creased vascular permeability. Soluble (plasma) fibronectin is a non-
specific opsonin which mediates reticuloendothelial clearance of
blood-borne particulates, to prevent pulmonary and peripheral vas-
culat embolization and organ injury. Deplction of plasma fibronec-
tin results in depression of reticulocndothelial system phagocyric
function. This may potentiate microvascular embolization and
sludge in critical illness (Saba and Jaffe, 1980; Scovill et al.. 1979;
Musher and Williams, 1978). A recent report suggests that LPS may
stimulate synthesis of fibronectin (Velky et al., 1984).

Although the effects of endotoxins on the ultrastructure of liver
have been extensively studied (White ¢t al., 1973; Rangel et al.,
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1970; Levy et al., 1968; Boler and Bibighaus, 1967; De Palma et
al.. 1967). the effects of LPS on fibronectin, calcium, and enzymes
in liver has not been demonstrated. In this report, we describe the
ultracytochemical localization of tissue fibronectin, calcium, and
enzymes in the hepatocytes of rats with LPS-induced endotoxemia
or cecal ligation- and puncture-induced septic shock. In addition.
the effect of LPS on the permeability and pinocytic activity of liver
was also studied, using horseradish peroxidase as a tracer.

Materials and Methods

Animals. Male Sprague-Dawley rats (Charles River: N. Wilmingron,
MA) werghing 250-350 g were used in the studies. The animals were main-
tained in standird wire cages in an environmenally controlled room and
were provided with food and water ad libitum.

induction of Endotoxemia and Sepsis. In cach experiment. five animals
wete injected with 10 mgifkg £ colrf (0111:B4) LPS (Calbiochem; San Diego,
CA)insaline viaa penile vein: five controls were given saline only. Twenty-
four hr after treatment. only animals displaying cndotoxemic symptoms.
such as piloerection, hypothermia, and diarrhea (Wichtenman et al.. 1980).
were used for studies.

Sepsis was induced by cecal liganon and puncrure, as described by
Wichterman et al. {1980). with an adduiional hgation of the cecal ileacolic
vascular bundle. Controls were sham-operated. Animals exhibiting “lae
septic” symproms, as described by Wichterman et al. (1980). 24 hr after
wrgety were sacrificed for the studies. Three septic animals and three sham.-
wontrols were utilized in fibronectin localizaton and each enzyme study.
Allinjections and operations were performed under halothanc anesthesia.

Fixation. For kxalization of fibronectin. animals were perfused via the
left veritande for 20 min with 2% paraformaldehyde conraning penadate
and Iysine (McLean and Nakane, 1974). The middle lobes of the liver were
excised immediately after perfusion and re-fixed in the same fixative by
immersion at -°C for an addinonal 2040 min. Animals were also per-
fused with 2% glutaraldehyde 1% paraformaldehyde in the same manner
for 20 min. for enzyme localizavon The middle lobes of the liver were
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Figure 1. immunohistochemical localization
oftissue fibronectin in ratliver. As indicated
by the reaction product of HRP, fibranectin
is confined to the periluminal surfaces of si-
nusoids. The livers of LPS-treated or septic
rals (A) show more intense staining for fibro-
nectin than those of the control animals
(B). Originat magnifications x 1875.

used for enzyme studies. All samples wese thoroughly washed in 0.1 M
sodium cacodylate buffer (pH 7.2) for at least 24 hr before further processing.

Samples for fibronectin and enzyme localization were sectioned at 70-80
um using a vibratome (Lancer; Brunswick Co, St. Louis, MO).

Immunacytachemical Localization of Fibronectin. Vibratome (tissue)
sections were incubated for 24-48 hr at 4°C in Tris-saline (pH 7.6, with
0.5% saponin) containing 2 1:20 or 1:50 dilution of anti-fibronectin anti-
body conjugated with horseradish peroxidase (HRP) (Accurate Chemical
and Scientific Corp; Westbury, NY). Samples were re-fixed in 2% glutaralde-
hyde-1% paraformaldehyde for 15 min after incubation. After thorough
washing in 0.1 M sodium cacaodylate buffer. the samples were incubated
in 0.95 M Tris buffer (pH 7.6) containing diaminobenzidine (DAB) (Sigma
Chemical; St. Louis. MO) and H,0, (Graham and Karnovsky, 1966).

Calcium Localization. Thice animals displaying endotoxemic or sep-
tic symptoms 24 hr afrer LPS treatment or surgery, and thres control ot
sham.uperated animals, were sacrificed by guillotine. The middie iobes of
the livets were excised and promptly immersed in 1% osmium tetroxide
containing 2.5% potassium pyroantimonate {pH 7.6) at 4°C for 4-5 hr.
Samples were also incubated for 45 min in 1% osmium tetroxide contain-
ing 10 mM EGTA (ethylene glycol tetraacetic acid) (Sigma) and then fixed
I potassium pytoantimonate as above (Appleton and Morris, 1979). In
addition. livers from animals treaved with 10 mg/kg LPS for 30 min were
also used for calcium localization,

Glycogen. Liver fixed by 2% glutaraldehyde-1% paraformaldehyde was
post-fixed overnight in 2% osmium tetroxide containing 1.5% potassium
ferrocyamide at 4°C (Fawcett and Dyme. 1974). Paraffin-embedded sam-
ples were also used for study of glycogen disiribution. using a periodic
acid-Schiff (PAS) technique. A diastase digestion method was utilized to
selectively eliminate PAS-positive staining attriburable to glwogen.

Glucosc-6-Phosphatase {G-6-Pase). Vibratume sectivns froms peifused
hvers were processed for G-6-Pase localization according to the method de-
scribed by Nicholas er al. (1vs4).

Cyrochrome ¢ Oxidase. Vibratome sections of hepatic tissues frem en-
dotoxemic or septic rats were incubated in 2 5 mM DAB in phosphate buffer.
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Sinusoid

pH = 20 contnimg 0 5% ovtochtome o (Sigmia) at omm cemperatore for
15 20 nun cAngermulle, and Fabumi, 1983),

Catalase. The procedute reported by Novikott and Goldfisoher (uo)
wits ined o tocadize vatalise 10 the peroxisomes of hepatocvtes.

Adenosine Taphophatase (ATPave). Vibrasome sections were incubated
i a medium wontaining the sodium saleof adenosine trphosphate (Sipmad

magnestum sultate, and dead sutrare ar 37 C for 35 40 min (Wadchestein
and Menel, 1974

Injection with Honeradish Peroxidase (HRP) Tracer.  Three endotoxemi
and three conttol tats were given 10 mg/ml HRP (Sigov) o sahine by inura-
VETOUA IRJECHON VL saphicnous vei Assumiais were sactineed by profonged
whalation of halothane 15 mim abier mjecnon. Middle lobes of the bvers
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Figure 2. immunoelectron microscopic io-
calization of fibronectin in hepatocytes.
Eilectron-dense HRP reaction product is
tocalized on the basal (perisinusoidal) sur-
faces. (A) Hepatocytes of control rats. The
basal surfaces of the cells are moderately
stained, whereas the apical {pericanalicu-
lar), tateral surfaces, Kupfier (K) celis, and
endothelial cells are not stained. Arrowheads
indicate the lateral surfaces of the hepato-
cytes. BC, bile canaliculus. (B) The basal
surfaces of the hepatocytes from animats
sutfering endotoxemia or saptic shock are
more intensely stained. L. lipid droplet:
GC. Golgi complex. Original magnifications
x 6320.

were comoved and immediately fied in 2% glutaraldehyde 1% parator-
natdehyde fixative for 3005 min Vibratome sections (70 100 jm) were
incubated in g DAB mediom (Grabam and Karnovsky, 1966) st toom tem-
perature for 55 min and post-fixed overnightin 2% osmium terroxide with-
out or with 1.5% potassium feerocvanide for 2 he an 40C

Electron Microscopy. AN samples except those used for ghycogen and
Gl ium Jonabiznon and teacer study were post-fixed in 2% osmium rerroxide
a0 Clor 2 hr After washing 10 0 1 M sosiam acodylate buffer, vamples
were dehvdrated inasenes of graded echanols and embedded i Epon (Po-
IvBed; Polysaences, Waeringron, PA). Ultra-thin seetions were prepared with
w dramond katfe and lightdy staned with lead cirmate Sections were exam-
wned i agkOL 10 CX ransmisston electron microscope. One-pm sections
were ulso prepated from amples procesed tor tibronecin localization. using
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glass knives, and were photographed with a Zens photomicroscope wath-
out Lountentaimng.

Statistical Evaluation.  The numbers of peroxisumes in hepitoc tes west:
quantitated by counting the numbers of this organelic per cell soooon
threugh a nudear plane. and were expressed as means + 8D Data were
analvzed wang Stadent’s frest. A total of 1500 mitachondria per ample.
with ot without ovtachrome ¢ axidise reactivies, were counted. Data were
\'K'“f'\\('d as p('ﬂ cnl \:;- i)\i(()( h(lll(h’lu dl.‘pl’.\)‘i"n (‘"[.\'ln(‘ ul[i\'l[}

Results

Light microscopic localization of ussue fibronectin in the iver was
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Figure 3. Intraceliutar distribution of fibro-
nectin in fat hepatocytes. Only portions of
the rough endaplasmic reticulum (RER) are
stained for tibronectin. {A) Hepatocytes of
control rats. Only a few RER cisternae ex-
hib®* staining of fibronectin. inse! shows a
higher nagnitication of RER with fibronec-
tin staining. {B) Hepatocytes of rats with an-
dotoxemia or septic shock. Many RER cis-
ternae are stained. Dark bodies in the
cytoplasm are peroxisomes. Original magni-
fications: A, B, x 10,000; inset x 44,000.

indicated by a brown stain or, with clectron microscopy. by an
clectron-dense deposit of HRP reaction product. Results from fight
microscopic obscrvations showed that the heparic sinusoids uf the
LPS-treated or septic rats (Figure 1A) were more intensely -cained
for fibronedtin than those in the controls (Figure 1B). Immano-
clectron microscopic localization showed reselt: corresponding o
the light micrasenpic observations and rev-aled thar only the
microvillous basal (perisinusoidal) surfaces of the hepatocytes were
<tained, whereas the apical {pericanalicular) and lareral wortaces of
the cells were notstained (Figure 2A). Kupffer cefls and endothelial
cells were not stained (Figure 2A). The perisinusoidal surfaces of
hepatocytes in the LPS-treared or septic rats were more strongly
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Figure 4. Localization of fibronectin in the Golg: complex of hepatocytes. (A)
In control rats, only a smait portion of the Golgi saccules (arrows) is slained
for tibronectin (B) Golgi saccules and vesicles. and secretory granules (thin

arrows), are intensely stained in rats with endotoxemia or septic shock. Thick

arrows indicate peroxisomes. Original magnifications x 12,450.

stained as compared to controls (Figure 2B). Fibronectin was also
localized in the cisternae of RER (Figure 3). Golgi saccules and vesi-
cles (Figure 4). and in small cytoplasmic vesicles of hepatocytes.
In the RER, only portions of the cisternac were stained (Figure 3A).
Many RER disternae in the hepatocytes of LPS-treated or septic rats
showed fibronectin staining (Figure 3B). in contrast to the relative
paucity of staining in RER of normal hepatocytes (Figure 3A). Simi-
larly. the Golgi complex of the hepatocytes from LPS-treated or
septic rats exhibited more intense staining for fibronectin than that
of the controls (Figure 4).

Calciurn jons (Ca®*) were precipitated as an clectron-dense cal-
cium pyroantimonate deposit on the outer surfaces of RER and
in the mitochondrial marrix and nuclear heterochs mnatin of rat
hepatocytes of both contol (Figure 5) and LPS-treated of septic
rats (Figure 8). No calcium pyrrantimaonate precipitate was founa
in the hepatocytes of liver samples pre-treated with EGTA. More
calcium precipitate was observed along the outer surfaces of RER
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and in the mitochondrial matrix of hepatocytes 30 min post LPS
inpection (Figure 6A) as compared to those of the controls. The
nrecipitate was more evident and dense 2long the RER of hepato-
g1 s of endotoxernic rats (Figure 6B) and in the cytoplasm and
mitochondria of sepric animals (Figure 6C).

Hepatic catalase was localized in spherical membrane-bound
peroxisomes (Figure 7A). The number of peroxisomes per cell scc-
tion {circumference) through the nuclear plane of the hepatocytes
of LPS-treated of septic rats was significantly decreased (p < 0.01).
The shape of the peroxisomes was also changed (Figure 7B). In LPS-
treated rats, 17.38 £ 2.5 peroxisomes per hepatocyte section were
counted. as compared to 34.55 = 3.1 peroxisomes in the control
hepatocytes. In sham-control and sepric rats, 34.71 = 9.22and 22.58
+ 2.87 peroxisomes per cell section were found, respectively (Ta-
ble 1).

Abundant glycogen was notmally observed in the hepatocytes
of control rats, whereas glycogen was greatly dininished in the LPS-
wreared raws or totally depleted in the septic rats (Figure 8). The
quantity of hepatocellular glycogen exhibited a decreasing magni-
tude from the cenrrilobular to the peripheral lobular tegions. This
was expressed as a decrease in intracellular PAS-positive marterial
which was eliminated with diastase digestion. G-6-Pase was local-
ized in the endoplasmic reticulum, Golgi complex, and nuclear
envelope of hepatoeytes of both the control and the LPS-treated
or septic rats (Figure 9). However, more RER cisternae resulting
from glycogen diminution were stained, and the staining seemed
torr intense in the hepatocytes of the latter than in those of the
controls (Figure 9).

Cytochrome ¢ oxidase was localized in the spaces between the
outer and inner membranes and in the intracriseal spaces of mito-
chondtia. In normal rats, more than 90% of the mitochondria in
heparocytes showed posicive reactivity of cytochrome ¢ oxidase (Fig-
ure 10A). whereas in ihe Li'o-treated or septic rats a significant
number of mitochondria displayed negative reactivity of the en-
zyme (Figure 10B). Up to 44 = 23% and 47 = 18% of the toual
mitochondria showed deficiency of cytochrome ¢ oxidase in the he-
patocytes of LPS-treated rats and septic rats, respectively. Frequently,
a few mitoc.ondria in the hepatocytes of LPS-treated or septic rats
showed weak enzymc staining only in the same intracristal spaces
(Figure 9B).

In control rats, the reaction product of Mg -ATPase was local-
ized in the basal, apical, and larcral plasma membranes of the he-
patocytes (Figure 11A). The apical (pericanalicular) sutfaces were
most intensely stained, in both the control and the LPS-treated
tats. as previously reported by Meier et al. (1984). In rats treated
with LPS, the basal and lateral surfaces of the hepatocytes were
weakly stained or totally devoid of the enzyme reaction preduct
(Figure 11B)

The pinocytic activity of hepatocytes was enhanced after treat-
ment with LPS, us indicated by more incotporation of the intrave-
nously injected HRP. Many pinocytic vesicles and large vacuoles con-
taining the reaction product of HRP were observed in the
hepatocytes of rats treati'd with LPS. The tight junctions surrounding
t.c bile canalicul were not aitered by LPS treatment, as demon-
strated by oulusion of HRP in the intercellular spaces surrounding
bile canaliculi.

The cytochemical alterations in the hepatocytes of normal, LPS.
treated, and septic rats arc summarized in Table 1.
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Discussion

The pathophysiological differences and similarities between sepsis
and endotoxemia are well underswood. Animals with sepsis induced
by cecal liganion and punciure show positive cultures for various
enteric mucorganisms, hypodynamic <ircularion, hypoinsuline-
mia. hypoghoemia,high serum lactate levels, 2ad decreased blood
flow to the otgans (Wichterman et al., 1980). Endotoxemia is charac-
werized by hypotension associated with peripheral resistance, fow
mia. and terminal hypoglycemta (Hinshaw. 1976). O'Donnell et
al 11957y have shown that endotoxin inhibits hepatic gluconeo.
genesisin pigs. whereas sepsis produced by ceaal ligation and punc-
ture stimulates hepatic conversion of lactate and alanine to glu-
ose. In the present studies. we have observed similar cytochemical
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Figure 5. Calcium localization in the hepato-
cytes of control rats. Fine calcium pyroanti-
monate precipitate is distributed on the cuter
surlaces o' RER and » the mitochondrial
matnx. Original magnification x 62.990.

Figure 6. Caicium ipcatization in the hepa-
tocytes of LPS-trea’ed or seplic rats. (A)
More coarse calcium pyroantimonate pre-
cipitate 15 deposited alcng the outer sur-
faces of RER 30 min after LPS injection. (B)
Calcium precipitate is significantly increased
in the RER and mitochoendria 24 hr post in-
jection. (C) Dense calcium precipitate is ob-
served in the cytoplasm and mitochondrial
matrix of hepatocytes of seplic animals.
Original magnifications x 62.990.

alterations in the hepatocytes of rats suffering from endotoxemia
or from cecal ligation- and puncture-induced sepsis. These changes
incduded glyeogen diminution or depletion. increased tissue
fibronectin, decrease of peroxisomes. and an inctease of cytochrome
¢ oxidase-deficient mithondria. Deposition of fibrin in sinusoids.
depletion of glycogen. vacuolation of mitochondria, and dilaton
of endoplasmic reticulum are known to be important cellufar signs
of endotoxemic and shock symptoms in animals (De Palma et al..
1567, 1970, Runigel et al., 1970, Scismen cvad., 1976 Moss e al.
1969 McKay et al.. 1960: Hift and Strawitz. 1961).

Fibtonectin plays an important role in RES dearance of partic-
ulate matter such as fibrin, collagen. and actin (Gold and Pearl-
stein, 1981: Keski-Oja et al.. 1980). thus prevenring excessive lo-
alization of these materials in highly vascular organs, such as lung
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and kidney (Saba and Jaffe, 1980). Recently. Richards and Saba
{1985) reported that intravenous administration of E. cofr LPS w0
tats significantly clevated plasma fibronectin levels. The enhan.ed
fibronectin was found 10 be directly associated with the phag <ytic
activity of Kuptfer cells. This correlation Ieads some authors to be
lieve that depletion of fibronectin is directly related to increased
seventy of sepsis (Richards and Saba. 1985 Velky et al.. 184
Kaplan. 1981). On the contrary, Grossman ¢ al. /1983) have reported
that there is no ditect relationship between fibronectin and sepsis.

In the present studies. the intense staining of fibronectin in the
basal {persinusoidal) surfaces of hepatocytes in the endotoxemic
and septic rats suggests that two events may have oceerred in the

671

hepaterytes during the process of the illness: (a) enhanced incor-
poration of plasma fibrenectin into the basal plasma membrane
of hepatocytes; and (b) active synthesis and secretion of fibronec-
tin. In fact, increased plasma fibronectin fevels after LPS treatment
(Richards and Saba, 1985} and incorporation of plztma fibronec.
tin (o ussues {Deno et al., 1983) have hoth been reported. In
septic or endotoxemic rats. the presence of many stained RER and
Golgs complexes in the hepatocytes indicatss active synthests of
fibroncctin. This finding agrees with reports that increased syn-
thesis of fibronectin was found in animals with cecal ligation-
nduced sepsis { Velky et al.. 1983, 1984) and that plasma fibronec-
un was elevated in LPS-treated rats (Richards and Saba. 1985).
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Morcover. others have loalized fibronectin w the RER disternae
and Golgi complex of fibroblasts (Yamada et al., 1980), smooth
musile ceth (Chemonz and Christensen, 1983), and hepatoovies
(Clement eval., 1985). It has been reported tha fibronectin binds
to LPS and facilitates phagocytons (Porvaznik et al., 1982). Thus,
the mereases 10 plasma fibronectin (Richards and Saba, 1985) and
tssuce fibronectin i hepatocytes of endotoxene or septg s (pres-
ent studies) mav enhance removal of LPS from blood by the RES
swstem anid hepatocyes,

Free caloium in the cell reputates muscde conrraction, metabolic
processes, hormone and transmitter secretion, and membrane trans.-
port and permeability. Recentstudies have indiated thae endoplas-
mic reticulum s the man organelle regulaong eytoplasmic Ca®

KANG, McKENNA, WATSON, WILLIAMS, HOILT

»

_ fFigure 7. Localization of catalase in hepi
N peroxisomes. Mary petoxisomes e ¢h-
e served in normal hepatocytes {A). where2s
only a few peroxisomes (arrows) arg see”
in the hepatocytes of rats with enootoxeme:
or septic shock (8). Original magnificatis. «
x 4320.

Figure 8. Localization of glycogen in hepa-
tocyles using OsFeCN post-fation methe.
{A} Abundant glycogen is present in the he-
patocytes of normal control rats. (8) Glyco-
genis greatly diminished or totally depleted
in the hepatocytes of septic rats. Origmal
magnifications x 6400.

concentration (Somlyo ecal., 1985: Somlyo. 1984). Cyuchemival
localization of calcium in the present studies also showed that Ca?*
was predominantly predipitated on the outer surfaces of the RER
and sparsely in the mitochondrial matrix of hepatocytes in normal
animals. In the hepatoovies of LPS-ureated o1 septic rats, precipita-
tion of Cua®* at the same sites was prominently increased. Studies
of the etfect of endotoxin on (ytoplasmic Ca?* concentration have
not been conclusive. Kilpatrick: Smith and Erecinska (1983) indi-
cated that £ oo LPS decreases the intrceliular Ca®* concentra
tion in mouse ncuroblastoma cells. Nicholas ev al. (1972) have
reported that endotoxemia also causes severe inhibition of liver mi-
tochondrial calcium uptake function. Morcover, a recent repott an-
dicates that endotoxin induces & decrease i caldiom conent in
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Table 1. Cytochemical alterations in hepatocytes of LPS-treated
or septic rats as compared 1o controf animals?

Control LPS-treared Sepric

Fibronectin

Cell surface ++ P

Intracellular + e ++
Ca~

RER + -+ Y

Mitochondna + ++ .+
Glycogen 4+ v/ - -
G-6-Pase + .+ s
Peroxisomes? 3455 = 3.1

3471 £ 922 1738 = 2,59 22,58 = 2.87

Cytochrome ¢ oxidase? 93% 56% 93%
ATPase (plasma membrane)

Basal + - ND

Lateral + + - ND

Apical 44 +4 ND

4+« high: + moderate: +-. weak; -. negative: ND. not dont.

% The number of peroxisomes per cell section of hepatocytes in rats with endotox-
emia of sepsis was significantly decreased (endotoxemic. p = 0.001: septic. p = 0.01).

* Number of mitachondsia with eytochrome ¢ oxidase reactivity.

the microsomal fraction of liver (Deaciuc and Spitzer, 1987). How-
ever, other reports have indicated that bacterial endotoxin poten-
uiates the influx of Ca® in various cell types (Hulsmann er al., 1981;
Nelson and Spitzer, 1981; Connor et al., 1973) .nd enhances energy-
independent Ca* binding (Nicholas et al. 1972).

In the present studies, the increase of caicium precipitate in
the RER and mitochondria of hepatacytes from LPS-treated or septic
animals indicates an increase of Ca** uptake by hepatocytes. This
result 1s in agreement with the reports on calcium overload in car-
diocytes (Hulsmann et al., 1981) and hepatocytes (Sayeed, 1986)
after endotoxin treatment. In rat hepatocytes, cytochemical local-
ization of Ca** indicates that Ca*" is located predominantly in: (a)
membrane associated Ca®* in the endoplasmic reticulum which may
be bound to membrane phospholipids (phosphatidylserine and
polyphosphoinositides) (Lullman and Peters, 1977; Buckley and
Hawthorn, 1972); and (b} non-membrane-associated Ca** in the
mitochondrial matrix. The latter may leak from mitochondria sub-
sequent to damage to mitochondrial membrane after prolonged
treatment with LPS (Nicholas et al., 1972). The accumulation of
calcium in the mitochondria may result in swelling and vacuola-
tion of mitochondria (Constantinides, 1984). The calcium over-
load in hepatocytes may contribute 1o metabolic alterations of car-
bohydrates related to septic shock (Sayeed, 1986).

McCallum (1981) has shown that LPS impairs glycogenesis and
gluconcopenesis. The impaired metabolism is correlated with re-
duced activities of glycogen synthase 2, phasphoenolpyr vace car-
boxykinase, glucose-6-phosphatase, and fructose 1,6-diphosphatase.
In the present studies, however, we found that augmented inicrease
of G-6-Pasc activity, 2s demonstrat=d by increased staining of the
cnzyme in the RER, showed a positive corrcladon with glycogen
diminution or depletion in hepatocytes of LPS-treated or septic
rats. Enhancement of G-6-Pase activity would increase glyccgenol-
ysis (Freeland and Harper, 1966). It has been reported thar tran-
sient hyperglycemia due to glycogenolysis is observed in endotox-
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emic animals {(Hinshaw, 1976), but later a profound and terminal
hypoglycemia ensues as glycogen stotes are depleted and gluconco-
genesis is inhibited (Filkins and Cornell, 1974).

Hepatic pefoxisomes ate involved in beta-oxidation of lipids
{Lazarow. 1978; Lazarow and De Duve, 1976). Deficiency of perox-
isornes in humans has been reported to be fatal in infants with
Zellweger's cercbrohepatorenal syndrome (Goldfischer, 1982). The
biogenesis of pefoxisomes and synthesis of catalase in hepatocytes
are dependent on polysomes and endoplasmic reticulum (Lazarow
ctal., 1982; Masters, 1982). Geerts ana Roels (1982) reported that
diminished catalase availability results in reductions in both perox.
isome volume and numbet. We observed morphological alterations
and a significant reduction of peroxisomes in the hepatocytes of
septic or LPS-treated rats. This finding indicates that LPS may cause
peroxisome degradation. LPS has recently been reporied to acti-
vate phospholipase activity and to impair arachidonic acid activa-
tion {d€Turco and Spiizer, 1987). This may also contribute to the
reduced number of peroxisomnes in hepatocytes from LPS-treated
Of septic rats.

Cytochrome ¢ oxidase is a mitochondrial enzyme responsible
for consumption of virtually all the molecular oxygen used by cu-
karyotes during acrobic merabolism. We found that this enzvme
was present in all mitochondria in the hepatocytes of normal rats,
but was deficient in a significant number of mitochondria in the
hepatocytes of LPS-treated and septic rats. Moreover, LPS has been
reported to depress the activities of several metabolic enzymes
(McGivney and Bradley, 1979) and ATPase (Mcla et al., 1971), and
to decrease uxygen consumption and phosphorylation (Mager and
Tneodor, 1957) by liver mitochondria. The decrease of ATPase ac-
tivity may be related to accumulation of intracetlular calcium in
the hepatocytes of LPS-treated rats.

In summary, significant cytochemical alterations, including in-
creases in fibronectin and intracellular calcium, increased G-6-Pase
activity, a reduction of catalase-containing peroxisomes, and deple-
tion of cytochrome ¢ oxidase in mitochondria, were observed in
hepatocytes of endotoxemic and septic tats. The overall results sug-
gest that: (a) LPS stimulates hepatic synthesis of fibronectin, which
may result in the efevation of plasma fibronectin: (b) LPS stimu-
'ares calcium uptake by hepatocytes; (¢) LPS stimulates G-6-Pase
#:uvity, which may be ditectly involved in the glycogenolysis char-
acteristic of sepsis; and (d) LPS reduces peroxisome numbet and
depletes mitochondrial cytochrome ¢ oxidase, and may have a role
in hepatic injury and malfunction.
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